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Gecis Zonu ile Kirikli Temel Kaya Arasindaki Yeraltisuyu Hareketine
iliskin Parametrelerin izleme Deneyleriyle Belirlenmesi

Selda Serin ve Stefan Wohnlich

Ruhr University, Department of Applied Geology, D-44801 Bochum, Almanya
(E-posta: Serin.Selda@rub.de)

Gegis zonu ilekirikli temel kayalar arasindaki (gozenekli veya kirikli akifer) yeraltisuyu akimi ve
taginim silireglerinin tanimlanmasina olan gereksinim bu konuda daha ayrintili aragtirmalarin
yapilmasini gerektirmektedir. Gegis zonu ile kirikli temel kaya arasindaki etkilesimler, kayaclardan
olusan ortamlarda yeraltisuyu beslenimini ve yeraltisuyu kalitesini belirler.

Bu calismada, iki farkli hidrostratigrafik birimde (kirikli bir kaya¢ ve bunu {iizerleyen bir kum
katmani) olusan yeraltisuyu hareketi incelenmistir. Bu kapsamda, siiziilme, egim agisi, ¢atlak agiklig1
ve kum katmaninin kalinligina bagl bir hidrolik sistem kurulmustur. Laboratuvar deneylerinden elde
edilen sonuglarin modelleme yaklagimlarn ile birlikte degerlendirilmesi, kirikli akiferlerle olan gecis
zonundaki yeraltisuyu akiminin anlagilmasini saglayacaktir.

Deneylerde, iist kesimlere uygulanan korunumlu izleyiciler (NaCl ve uranin) kullanilarak ve
temel kayaclarda bosalim ile kum katmaninda yanal ylizeysel akis dlcililerek gegis zonunda su
akisinin gozlenmesi olanakli olmustur. Temel kaya iizerinde doygun olmayan boélgede nem
icerigi tansiyometrelerle olciilmiistiir.

Izleyicilerden elde edilen ilk sonuglar, dar agikliga [>1 mm] sahip kiriklarda izleyicinin, agikligi
biiylik daha genis [20 mm] olan kiriklara oranla daha diisiik hizlarda ilerlemesine karsin, temel kayaya

olan beslenimin kirik agikligina ¢ok bagl olmadigini ortaya koymustur.

Anahtar Sozciikler: yeraltisuyu akisi, yeraltisuyu beslenimi, ortii, izleme deneyi, temel kaya, toprak
nemi, doygun olmayan bdlge

130



, 13—17 April 2009, MTA—Ankara, Tiirkiye

Parameterisation of the Groundwater Movement Between Transition Zone
and Fractured Bedrock Using Tracer Tests

Selda Serin & Stefan Wohnlich

Ruhr University, Department of Applied Geology, D-44801 Bochum, Germany
(E-mail: Serin.Selda@rub.de)

The urgent need to characterize groundwater flow and transport processes between transition zone and
fractured bedrocks (porous and fractured aquifer) requires more detailed research. The interactions
between transition zone and fractured bedrock determine the groundwater recharge and groundwater
quality in hard rock terrains.

In this study we examine the groundwater movement in a profile which is composed of two different
hydrostratigrafic units (a fractured rock and above this a sand layer). A hydraulic system is created
through the defined water infiltration and the adjustment of slope angle, fissure opening and thickness
of the sand layer. Combining the result of laboratory experiments with modelling approaches shall
comprehensive assessment of groundwater flow system between transition zone and fractured rock
aquifers.

The water movement is observed at the transition zone using conservative tracer experiments (NaCl
and Uranin) in regolith and measuring discharge in the bedrock and lateral runoff in the sand layer.
Soil moisture is measured by tensiometers in the unsaturated zone above bedrock.

The first results from tracer tests indicated that the groundwater recharge in bedrock is little depended
on fracture aperture, eventhough fractures with small opening [>1 mm] exhibit less break through

capacity than fracture with wide opening [20 mm].

Key Words: groundwater flow, groundwater recharge, regolith, tracer test, bedrock, soil moisture,
unsaturated zone
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Karaduvar (Mersin) Kiy1 Akiferindeki Petrol Kirliliginin
ve Yeralti Suyu Fiziksel Ozelliklerinin Karakterizasyonu

Ciineyt Giiler, Can Akabulut ve Mehmet Ali Kurt

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
33343 Ciftlikkoy, Mersin (E-posta: canakbulut@mersin.edu.tr)

Bu ¢alismada, petrokimya agirlikli sanayi aktivitelerinin (rafineri, depolama ve dolum) yogun oldugu
Mersin-Kazanli arasindaki Karaduvar kiy1 akiferinde gozlenen petrol kirliligi ve kirliligin yeralt1 suyu
fiziksel oOzellikleri iizerindeki etkileri karakterize edilmistir. Eyliil 2008’de bolgedeki mevcut sig
kuyulardan segilen toplam 215 kuyuda yerinde (in-situ) gesitli fiziksel parametrelere (¢oziinmiis
oksijen, pH, Eh, elektrik iletkenlik) ait 6l¢limler yapilmistir. Ayrica bolgeden alinan smirlt sayida su
numunesi, yeralti suyuna karistigi bilinen c¢esitli petrol tiirevlerinin (BTEX) tespiti i¢in GC-MS
yontemiyle analiz edilmistir. Elde edilen sonuglar, bir Cografi Bilgi Sistemi yazilimi ile olusturulan
dagilim haritalarindan yararlanilarak yorumlanmistir. Petrol kirliliginin yogun olarak gozlendigi
bolgelerdeki ¢oziinmiis oksijen konsantrasyonlart 0,48-2,38 mg/L ve pH degerleri ise 6,87-7,6
araliginda degismektedir. Akiferin kirlilikten etkilenmeyen kesimleriyle karsilastirildiginda, kirlenmis
bolgelerdeki ¢oziinmiis oksijen ve pH degerlerinin daha diisiikk degerler sergiledigi gozlenmistir.
Ayrica ¢alisma alaninin genelinde gozlenen negatif redoks potansiyeli (Eh) degerlerinin genellikle
kirliligin ve diisiik ¢6ziinmiis oksijen konsantrasyonlarinin goézlendigi kesimlerde yogunlagtigi
sOylenebilir. Elde edilen sonuglar, akiferin kirlenen kesimlerinde anaerobik kosullarin varligini isaret
etmekte ve fiziksel parametrelere ait degerlerin akiferde gerceklesen ¢esitli indirgenme
tepkimelerinden etkilendigini gostermektedir.

Anahtar Sézciikler: petrol kirliligi, yeralt1 suyu, fiziksel parametre, redoks tepkimesi, Karaduvar.

132



, 13—17 April 2009, MTA—Ankara, Tiirkiye

Characterization of Petroleum Pollution and Ground Water Physical
Properties in the Karaduvar (Mersin) Coastal Aquifer

Ciineyt Giiler, Can Akabulut & Mehmet Ali Kurt

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Ciftlikkoy,
TR—-33343 Mersin, Tiirkiye (E-mail: canakbulut@mersin.edu.tr)

In this study, petroleum hydrocarbon pollution and its effects on the ground water physical properties
were characterized in Karaduvar coastal aquifer (located between Mersin-Kazanli) where
petrochemical industrial activities (e.g., refinery, storage and filling) are very intense. In September
2008, values of various physical parameters (dissolved oxygen, pH, Eh, electrical conductance) were
measured in-situ in a total of 215 wells that were selected from available shallow wells in the area.
Furthermore, a limited number of ground water samples taken from the area were analyzed by GC-MS
method for various petroleum hydrocarbon derivatives (e.g., BTEX) that were known to occur in the
polluted parts of the aquifer. Results obtained by this study were interpreted using spatial distribution
maps of each parameter created utilizing Geographic Information System software. In highly
contaminated parts of the area dissolved oxygen concentrations range between 0.48-2.38 mg/L and
pH values between 6.87-7.6. In comparison to pollution-free parts of the aquifer, in contaminated
parts dissolved oxygen and pH generally display lower values. Furthermore, negative redox potatial
values (Eh) are generally observed throughout the study area and lower Eh values are mostly restricted
to polluted the parts of the aquifer where low dissolved oxygen concentrations occur. Results obtained
from this study suggest the presence of anaerobic conditions in polluted parts of the aquifer and values
of physical parameters greatly affected by various redox reactions occurring in the aquifer.

Key Words: petroleum pollution, ground water, physical parameter, redox reaction, Karaduvar
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Giimiishacikoy (Amasya) Akiferi’nin Yeraltisuyu Akim Modeli

Arzu Firat Ersoy ve Fatma Giiltekin

! Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 Trabzon
(E-posta: arzufirat@gmail.com)

Bu calismada, yeraltisuyu kullaniminin giin gectikce arttig1 ve buna bagli olarak yeraltisuyu seviyesi
degerlerinin son 15-20 yil i¢inde ortalama 20-25 m. azaldig1 Glimiishacikdy (Amasya) Akiferi’'ne ait
yeraltisuyu akim modeli gelistirilmistir. Toplam 1060.44 km®lik drenaj alanma sahip havzada
Giimiishacikoy Akiferi 300.225 km?’lik bir alanda yayilim gostermektedir.

Guimiishacikdy Akiferi’'nde yeraltisuyu tagiyan birimler, Kuvaterner yash aliivyon ile Pliyosen yash
Sogiitlii Formasyonu’dur. Yeraltisuyu akim y6niiniin batidan doguya dogru oldugu akiferde beslenme,
Gec¢ Eosen yasghi volkano-tortul kayaglardan ve Geg¢ Jura-Erken Kretase yasli kiregtaslarindan
gerceklesmektedir. Ovada bosalim ise sondaj kuyulari ile meydana gelmektedir.

Gumiishacikdy Akiferi’ne ait yeraltisuyu akim modelinin olusturulmasi kapsaminda akiferin jeolojik
ve hidrojeolojik ozellikleri belirlenmis ve akifere ait bu parametreler veri tabanlari seklinde
hazirlanmigtir. Daha sonra bu veri tabanlart ArcGIS 8.3 Cografi Bilgi Sistemleri programinda sayisal
hale getirilmistir. Sayisal olarak tanimlanan veriler ArgusONE CBS programinda degerlendirilerek
akifere ait yeraltisuyu akim modeli olusturulmustur.

Model siiresi 1965-2005 yillar1 arasini1 kapsamaktadir. Modelde iiger aylik toplam 164 stres periyodu
bulunmaktadir. Glimiishacikdy Akiferi’nde hesaplanan degisik yillara ait hidrolik yiik verilerine gore,
zaman igerisinde kuyulardan ¢ekimin artmasina bagl olarak hidrolik yiiklerin ovanin dogusuna dogru
algaldig1 belirlenmistir. Hidrolik yiik degerleri kullanilarak MODFLOWP programinda modelin
kalibrasyonu yapilmistir. Gozlenen ve hesaplanan hidrolik yiikk degerleri arasinda iyi bir uyum elde
edilmesi akifere ait gelistirilen kavramsal modelin yeraltisuyu sistemini iyi bir sekilde temsil ettigi
anlamini tagimaktadir. Giimiishacikdy Akiferi’ne ait yeraltisuyu akim modelinin sonuglarina gore,
gelecekte akiferden c¢ekilecek su miktarinin artmasi durumunda yeraltisuyu seviyeleri daha da
algalacaktir. Bunu oOnlemek igin yeraltisuyu kullaniminin yeniden diizenlenmesi ve akiferdeki
kontrolsiiz ¢ekimlerin 6niine gegilmesi gerekmektedir.

Anahtar Sozciikler: Giimiishacikdy akiferi, hidrojeoloji, yeraltisuyu akim modeli, modflow, argus
one
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Groundwater Flow Model of Giimiishacikoy (Amasya) Aquifer
Arzu Firat Ersoy & Fatma Giiltekin

! Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR—61080 Trabzon, Tiirkiye
(E-mail: arzufirat@gmail.com)

In this study, groundwater flow model was performed for Giimiishacikdy Aquifer, where groundwater
levels decrease due to excessive groundwater exploitation in average of 20-25 m for the last two
decades. Giimiishacikdy Plain covers an area of 300.225 km” where total drainage area extends over to
an area of 1060.44 km”.

Groundwater bearing units in Giimiishacikdy Plain are the Quaternary alluvium and Pliocene Sogiitlii
formation. Recharge, where groundwater flow direction is from west to the east, are composed of Late
Eocene volcano-sedimentary rocks and Late Jurassic-Early Cretaceous aged limestone. Discharge in
the basin occurs by pumping wells.

During the construction of groundwater flow model of the basin, geological, hydrogeological
properties were defined, data sets of these parameters arranged. These data sets were digitized on
ArcGIS 8.3 software and interpreted on ArgusONE program and groundwater flow model was
evaluated.

The model period includes 1965-2005. There were 164 stress period for three months in the model.
According to the hydraulic head values the different years in Giimiishacikdy Plain, piezometric levels
decreased in the east of the plain resulting from over pumping rate from the wells. Model was
calibrated by means of MODFLOWP program by using the hydraulic heads. Since the estimated and
calculated values were in agreement, conceptual model of the aquifer represented successfully the
groundwater flow system. According to the results of the groundwater flow model, groundwater levels
will decrease in the future when groundwater exploitation increases from the aquifer. To prevent this,
groundwater usage should be regulated, and uncontrolled groundwater use must be terminated.

Key Words: Giimiishacikdy aquifer, hydrogeology, groundwater flow model, modflow, argus one
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KB Bulgaristan’da Yeraltisuyu Akiminin Genel Ozellikleri

Tanya Vasileva

Geological Institute of the Bulgarian Academy of Sciences, 24 Acad. G. Bonchev Str.,
1113 Sofia, Bulgaria (E-posta: tanyav@geology.bas.bg)

KB Bulgaristan’da, Ogosta nehrinin batisinda bulunan ¢alisma alani, Tuna Nehrinin kollar1 olan 7
akarsu havzasini kapsamaktadir. Calisma alaninin toplam yiizolgimii 3790 km® olup, akarsu
akimlarmin 6nemli bir kismi1 akigyukari daglik kesimlerden kaynaklamaktadir.

Akimlarin diisiik oldugu donemlerde akarsu akimlar1 yeraltisuyu bosalimlar1 veya yeralisuyu katkil
olarak gergeklesmektedir. Diisiik akimlar genellikle yaz sonu veya giiz baslarinda gézlenmektedir.
Nadiren (yumusak gecen kis mevsimlerinde) Ocak ve Subat aylarinda da disiikk akimlara
rastlanabilmektedir.

Yeraltisulari, ¢aligma alaninda diizensiz bir dagilima sahiptir. Neojen—Kuvaterner yagl tutturulmamis
¢oOkeller, tanelerarasi gozeneklilige sahip bir akifer olusturmaktadir. Lom ve Archar havzalarinin
yukar1 kesimlerinde yiizeylenen kayaglar catlakli-karstik akiferler olustururlar. Karstik ve gatlakli
kayak akiferleri, ¢aligma alanindaki yeraltisular1 potansiyelinin 6nemli bir kismini olusturmaktadirlar.
Yeraltisuyu bosalimlari, havza i¢i akarsulara dogru meydana gelmekte olup alanin en diisiik kotlarinda
Tuna nehrine dogru meydana gelmektedir.

Havzada yeraltisuyu akim miktari, 1961-2004 yillarin1 kapsayan hidrolojik veriler kullanilarak analiz
edilmistir. Yerlatisuyu beslenme alani ile yiizeysel drenaj alani sinirlarinin ¢akigmama olasiligi dikkate
alinmistir. Yeraltisuyu besleniminin alansal dagilimi yilizeylenen kayaglarin gecirgenliklerine gore

belirlenmistir. Bu ¢aligmada, yeraltisuyu akiminin temel 6zellikleri ele alinmisgtir.

Anahtar Sozciikler: yeraltisuyu kaynaklari, diisiik akim, yeraltisuyu akim tiirii, KB Bulgaristan
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General Characteristics of the Groundwater Flow in NW Bulgaria

Tanya Vasileva

Geological Institute of the Bulgarian Academy of Sciences, 24 Acad. G. Bonchev Str.,
1113 Sofia, Bulgaria (E-mail: tanyav@geology.bas.bg)

The study area is located in NW Bulgaria, west from the Ogosta River and comprises watersheds of
seven rivers — tributaries of the Danube River. The total area is 3790 km’. The river runoff is
generated mainly in the upper mountain parts of the watersheds.

The river runoff during low flows presents groundwater flow, or groundwater contribution to the river
runoff. Low flows occur mainly in late summer and early autumn. Rarely (only during mild winters)
low flows occur in January or February.

The groundwater resources are unevenly distributed over the study area. Porous groundwater within
the study area is widespread in Neogene—Quaternary unconsolidated deposits. Fissured and karst
groundwater is related to the upper part of the watersheds of Lom and Archar rivers. Karst-fissured
groundwater in carbonate deposits contributes to high groundwater resources. Groundwater discharges
into internal river network, Danube River or the Danube lowlands.

The regularities of the groundwater flow generation were analyzed based on hydrological data (period
1961-2004). It was taken into account that the watershed divide and the groundwater divide may not
coincide. The spatial distribution of the groundwater recharge is governed by permeability of the
outcropping rocks. The main characteristics of the groundwater flow are presented for the study
region.

Key Words: groundwater resources, low flow, module of groundwater flow, NW Bulgaria
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Samran Karst Kaynagmin (Giirpinar-Van) Baz1 Hidrojeolojik Ozellikleri

Harun Aydlnl, Erkan Dislil, Mehmet Ekmekc;iz, Levent Tezcanz,
Nevin Aksoy® ve M. Pelin Yal¢in®

!Yiiziincii Y1l Universitesi, Miihendislik-Mimarlik Fakiiltesi, Cevre Miihendisligi Béliimii,
65080 Van (E-posta: harun@yyu.edu.tr)
? Hacettepe Universitesi, Uluslararasi Karst Su Kaynaklar: Uygulama ve Arastirma Merkezi (UKAM),
06800 Beytepe, Ankara
? Devlet Su Isleri XVII. Bolge Miidiirliigii, Jeoteknik ve Yeraltisular: Sube Miidiirliigii, 65040 Van

Stirdiiriilebilir su kaynaklari yonetimi, kaynaklarin bagli oldugu hidrojeolojik sistemlerin dogru bir
sekilde kavramsallastiriimasint gerektirmektedir. Bir hidrojeolojik sistemin kavramsal modelinin
olusturulmasi, sistemin anlasilmasinin yani sira, dogal veya yapay dis etkilere karsi tepkilerinin alansal
ve zamansal boyutlarda kestirilmesine olanak verir. Sunulan ¢alisma Van Goli Kapali Havzast GD’da
yer alan Samran karst kaynagmin fiziksel, kimyasal ve dinamik o6zelliklerinin; ‘hidrojeolojik
kavramsal model’ g¢ergevesinde 6n degerlendirilmesini kapsamaktadir. Paleozoyik—Mesozoyik yaslh
Bitlis Masifi’ne ait mermerlerden bosalan Samran kaynagi, bolgede yer alan Van, Edremit, Giirpinar,
Gevas, Cicekli gibi 6nemli yerlesim birimlerinin igme ve kullanim suyu ihtiyacini saglamaktadir.
Samran kaynagina, Subat 2007 tarihinden kurulan veri kaydedici (Data Logger) ile saatlik araliklarla
kaynak suyunun T, pH, EC ve DO parametreleri ol¢iilmektedir (Cizelge 1). Kaynagin bagli oldugu
hidrojeolojik sistemin hidrodinamik ozelliklerinin belirlenmesine yoOnelik olarak gercgeklestirilen
kimyasal analiz sonuglarinin degerlendirilmesi sonucunda, kaynak sularinin ‘Ca-Mg-HCOs5’ tipi sular
oldugu belirlenmistir.

Cizelge 1: Samram Kaynagi’nda 6lgiilen bazi parametreler.
Table 1: Measured some parameters at the Samran Spring.

n: 17595 pH T(°C)  ECa(S/cm) ECys([1S/cm)  DO(%)
Min 6.27 10.17 464.00 647.37 36.91
Max 7.34 10.61 685.00 944.63 66.37
Ort 6.76 10.37 593.60 823.74 43.29

SD 0.14 0.11 22.25 27.6 6.57
CV 2.02 1.06 3.75 33 15.19

Ort: ortalama, Min: en diisiik, Max: en yiiksek, SD: standart sapma; CV: degisim katsayist (%), EC,: arazide
Ol¢iilen elektriksel iletkenlik, EC,s; 25 °C igin hesaplanan elektriksel iletkenlik.

Subat 2007 — Ocak 2009 tarihleri arasinda Samran Kaynagi’nin, ortalama, en diisilk ve en yiiksek
bosalim degerleri siras1 ile 4.596, 3.578 ve 6.433 m’/s olarak dlgiilmiistiir. Samran kaynagi kaptaj
alanindan yerlesim birimlerine, ortalama 1.975 m’/s su alindig1 belirlenmistir. Samran kaynagmin
¢ekilme doneminin, Temmuz 2007 — Mart 2008 tarihleri arasinda kalan yaklasik 242 giin siiresince
gergeklestigi gozlenmistir. Kaynak g¢ekilme analizi sonucunda, kaynak bosalimmm 0.00214 giin™
kaynak azalma katsayisi ile temsil edildigi belirlenmistir. Samran kaynagi karst akiferinin; kaynak
gerisindeki aktif depolama hacmi 242.61x10° m’ olarak hesaplanmustir. Ayrica, ¢ekilme dénemi
siiresince (242 giin) bosalan su miktar1 98.07x10° m® olarak hesaplanmistir. Azalma katsayisi, karst
akiferinde yeraltisuyunun; kirik-catlak sistemleri boyunca hareket ettigini, hidrolik iletkenlik ve
iletimlilik katsayilarinin diisiik ve depolama katsayisinin yiiksek oldugu ortamlar isaret etmektedir.
Samran kaynaginin, hidrojeokimyasal yapisi, akim hidrografi ve yapilan hesaplamalar, karst
akiferinde beslenme ve bosalimin diizenli oldugunu gostermektedir. Degerlendirmeler, Samran karst
kaynaginin giivenli bir su kaynagi oldugunu isaret etmektedir.

Anahtar Sozciikler: Giirpinar-Van, hidrodinamik, hidrojeoloji, karst, kaynak ¢ekilme analizi, Samran
kaynagi
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Some Hydrogeological Characteristics of the Samran Karst Spring
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TR—65040 Van, Tiirkiye

Sustainable management of water resources requires primarily a thorough conceptualisation of the
hydrogeological system. Conceptual model of a hydrogeological system provide a tool not only to
understand the hydrodynamic behavior of the system but also the spatial and temporal responses of the
system against a natural or man-made stress on the system. This paper aims at evaluation of physical
and dynamic properties based on a proposed “conceptual hydrogeological model” of Samran karst
springs that are located at the southeastern part of Closed Basin of Lake Van. Samran springs
discharge from an aquifer that consists of Paleozoic—Mesozoic age marble of the Bitlis Massif.
Domestic water for the city of Van and some important townships such as Edremit, Giirpinar, Gevas,
Cigekli is supplied from this spring in the region. Parameters like T, pH, EC and DO in the spring
water are measured on hourly basis by a Data Logger installed at the Samran Spring since February
2007 (Table 1). Chamical analyses that were done to understand better the hydrodynamics of the
system suggested that the spring water is of ‘Ca-Mg-HCO5’ type.

During the study period (Fabruary 2007 — January 2009); mean, minimum and maximum discharges
of Samran spring were recorded as 4.697, 3.599 and 6.455 m’/s, respectively. Approximately 1.975
m’/s of the spring water is taken for domestic use. The recession period of Samran spring was
observed approximately 242 day between July 2007 and March 2008. The spring recession coefficient
was calculated as 0.00214 day™. The total volume of water at the karst aquifer of Samran spring is
calculated as 242.61x10° m’. Also the volumes of discharging water during the recession period (242
day) at karst aquifer are calculated as 98.07x10° m®. The recession coefficient indicates that ground
water flow occurs in a fractured system that has low coefficients of hydraulic conductivity and
transmissibility and high coefficient of storage. Hydrogeochemical properties, hydrograph and
calculations belong to Samran spring shows that recharge and discharge are regular. All of the
evaluations signed that Samran karst spring is a reliable water resources.

Key Words: Giirpinar-Van, hydrodynamic, hydrogeology, karst, spring recession analysis, Samran
spring
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Ninevah Bolgesi (Kuzey Irak) ve Yakin Dolayinda Bulunan Baz1 Kaynak
ve Kuyu Sularimin Kimyasal Bilesimlerinin Onemi ve Degisimi

Salim M. Aldabbagh, Auday M. Alrawas ve Mohammed A. Al-Hajj

Earth Science Department, Collage of Science, The university of Mosul, Iraq
(E-posta: MALHAJ2006@yahoo.com)

Yeraltisuyunun kimyasal analizleri, su kaynaklarinin incelenmesi ve WHO standartlarina uygunlugu
acisindan degerlendirilmesinde 6nmeli bir ara¢ olarak kabul edilmektedir. Yeraltisuyunda ¢6ziinmiis
halde bulunan maddelerin ¢esitli kokenleri mevcuttur. Yeraltisuyunda bulunan kimyasal bilesenlerin
en 6nemli kaynagi olarak bilinen su-kayag etkilesimi bu ¢alismanin ana konusunu olusturmaktadir.

Calisma alani, duraysiz Nobia-Arap platformunun eteklerinin bir kismini olusturmaktadir. Dogu-bati
uzanimli Toros kusagi ile kuzeybati-giineydogu uzanimli Zagros kusagi, alanin en énemli cografik
yapilarin1 olusturmaktadir. Aqra, Bekhair, Bashiqa, Najma, and Sadid gibi antiklinal yapilar bu
caligma ile ilintili olanlaridir. Alanda yiizeylenen litolojik (kirintili ve kirmtili olmayan) birimler farkli
stratigrafik diizeylere aittir. Bu birimler, Aqra formasyonuna ait dolomitik kiregtas1 (Ust Kretase),
Kolosh formasyonuna ait siyah seyl-kumtasi (Orta Paleosen), Gerciis formasyonuna ait kirmizi renkli
seyl, kumtasi, kiltasi katmanlar1 (Orta Eosen), Pila Spi formasyonuna ait dolomit ve dolomitik
kiregtas1 (Orta—Geg Eosen), Fatha formasyonuna ait kiregtasi, evaporit ve kirintili ardalanmasi (Orta
Miyosen) ve Injana formasyonuna (Ge¢ Miyosen) ait kirintili kayaclardan olugmaktadir.

Fatha formasyonuna ait ¢ozliniirliigii daha yiiksek olan kayaglar (evaporitler), ¢aligma alanindaki
yeraltisuyu kalitesini 6nemli oranda etkilemektedir. Bu durum, Musul kentine 180 km uzaklikta Fatha
formasyonunun yiizeylendigi alanda ve Ninevah bolgesinde, yliksek mineral icerikli ve gazli (H,S,
CO, CO,) sicak ve soguksu kaynak sulari ile siilfat igerigi yiiksek kuyu sularinda agikca
goriilmektedir.

Fatha formasyonunda olusan Mishraq sedimanter kiikiirt cevheri ¢aligma alan1 sinirlari igerisinde yer
almaktadir. 2008 yil1 yaz doneminde, 9 kaynak ve ii¢ kuyu olmak {izere toplam 12 yeraltisuyu 6rnegi
toplanmustir. Orneklemeler ii¢ farkli alanda gergeklestirilmistir: (1) BeKhair antiklinalinin kuzey ve
gliney kanatlarinda (Musul kentinin 100 km kuzeyi) 6 kaynak ve bir kuyudan su Ornekleri
toplanmistir.Orneklenen kaynaklar farkli stratigrafik diizeylerden bosalmaktadirlar (Shiranish;
Shiranish/Kolosh; Kolosh; Kolosh/Gercus; Gercus ve Pila Spi kayalarindan). Orneklenen kuyu Kolosh
formasyonunda agilmistir. (2) Bashiqa antiklinalinin (Musul kenitinin 30 km dogusu) giiney kanadinda
acilan iki kuyudan (250 m ve 85 m derinlikte) su drnekleri toplanmistir. (3) Aqra antiklinalinden
(Musul kentinin 150 km kuzeydogusu) Abdulazize gecidi mevkiinde bosalan bir kaynak ve Shigrat
kenti yakinlarinda (Musul kenti 70 km giineyi) Dicle nehri kiyisinda yiizeylenen kumtasindan bosalan
bir kaynaktan da 6rnekler alinmustir.

Ornek alimi, genel 6rnekleme kurallarina uygun bir sekilde gerceklestirilmistir. EC ve pH degerleri
orneklemeden kisa bir sure sonar yapilmustir. TDS, buharlasma kalmtisindan hesaplanmustir. Ca™ ve
Mg™ standart EDTA titrasyonu ile analiz edilmisti. Na" ve K' ise alev fotometresi ile analiz
edilmistir. HCOs, HCI titrasyonu ile belirlenirken SO47? spektrofotometrik olarak analiz edilmistir.
Kloriir standart AgNO; titrasyonu ile belirlenmistir. Analiz sonuglari, CI", HCO;, SO,-%, Ca™, Mg 2
Na", K", TH, pH ve EC degerlerinde genis aralikta bir degiskenlik oldugunu gdstermistir. Analiz
sonuglar1 istatistiksel olarak degerlendirilmis ve uygun diyagramlar kullanilarak yorumlanmustir.
Genel olarak, incelenen 6rnekler, yerel jeolojiye bagli olmakla birlikte siilfatli sular sinifindadirlar.

Anahtar Sozciikler: kivrimli kusak akiferi, su-kayag etkilesimi, su kalitesi, su kimyasi, yeraltisuyu
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and Well Waters at Ninevah District and Adjacent Area, Northern Iraq
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Chemical analysis of ground water is considered as one of essential tools in the assessment of water
resources and insurance of WHO specification. Soluble load of ground water is derived from different
sources. Water — rock interaction is considered as the major source of chemical constituents of ground
water and represents the backbone of the present study.

The area of study is part of the foothill zone of the unstable shelf of the Nobian — Arabian platform. It
is featured by the presence of major geological structures with east-west trend (Taurus belt) and
northwest — southeast trend (Zagros belt). The relevant anticlines to the present study are those of
Aqra, Bekhair, Bashiqa, Najma, and Sadid. The exposed rocks are of different lithology (clastic and
non clastic sediments) belong to different stratigraphic level. They are dolomitic limestone of Aqra
Formation (Upper Cretaceous), dark shale sandstone of Kolosh Formation (Middle Paleocene), red
bed of shale sandstone claystone of Gercus Formation (Middle Eocene), dolomites and dolomitic
limestone of Pila Spi Formation (Middle—Late Eocene), sediment cycle of limestone, evaporite and
clastics of Fatha Formation (Middle Miocene) and clastic rocks of Injana Formation (Late Miocene).

The more soluble rocks (evaporites) of Fatha Formation affect to a great extent the chemistry of
ground water at the studied area. This is evident by the presence of hot and cold mineralized springs
with dissolved gasses (H,S, CO, CO,) and sulfate dominated ground water well at Ninevah district and
down to Fatha Formation area located at about 180 km. south of Mosul city. It is worth to mention
here that the Fatha Formation hosts the well known sedimentary sulfur of Mishraq field at the studied
area. During summer 2008, a total of twelve ground water samples were collected from 9 natural
springs and 3 dugged well. Sample sites are located at three main area: (1) BeKhair anticline (100 km
to the north of Mosul city) where 6 springs and one well water samples were collected at the northern
and southern limbs as well as at the anticline plunges. Spring water flows at different stratigraphic
levels (Shiranish; Shiranish/Kolosh; Kolosh; Kolosh/Gercus; Gercus and Pila Spi rocks) in addition to
one sample from pumping well dugged at Kolosh rocks. (2) Bashiqa anticline (30 km east of Mosul
city) where water samples were collected from two dugged well (250 m and 85 m depth respectively)
at the southern limb. (3) Miscellaneous samples including one sample from spring at Aqra anticline
(150 km northeast Mosul city) within Abdullazize passage. One spring samples within Shirgat city (70
km south Mosul) where water flow from sandstone rock exposed at the Tigris River bank.

Sample collection was carried out according to the usual procedure of water sampling. Measurement
of EC and pH were done shortly after sample collection. TDS was estimated by weighing the residue
left on evaporation. Ca™ and Mg™ were determined by titration with EDTA standard. Na™ and K"
were measured by flame photometry. Titration with HCl was used for HCO; determination. Chloride
was determined by standard AgNO3 titration. Spectrophotometeric technique was used for SO,
determination. Analytical results show great deal of variation in CI, HCO5, SO,?, Ca™, Mg ™, Na",
K", TH, pH and EC . Such variable analytical results were subjected to statistical treatments and later
presented on suitable diagrams. In general, the studied samples belong to sulfate type of water with
few exceptions related to local geology

Key Words: folded zone aquifer, ground water, water chemistry, water rock interaction, water quality
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Dikili (izmir) Termal Kaynaklarinin Hidrojeokimyasal incelenmesi
Tugbanur Ozen, Giiltekin Tarcan ve Unsal Gemici

Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Tinaztepe Kampusii, 35160 Buca, Izmir (E-posta: tugbanur.ozen@ogr.deu.edu.tr )

Inceleme alani izmir ili’nin kuzeyinde yer alan Dikili jeotermal alanlarini kapsamaktadir. Calisma
alaninda yer alan termal kaynaklar bulunduklar1 yere gore baglica; (1) Dikili-Camur Kaplicasi, (2)
Kaynarca Ilicasi, (3) Bademli Kaplicasi, (4) Coban Ilicasi, (5) Kocaoba Ilicasi, (6) Nebiler Kaplicasi,
olarak smiflanabilir. Bu ¢alismada, s6z konusu sahalardaki termal kaynaklara ait kimyasal ve izotopik
veriler 1518inda hidrojeokimyasal Ozellikleri belirlenmis ve termal sularin sahip olduklar1 eser
elementler de dikkate alinarak ¢evresel etkileri degerlendirilmistir.

Dikili jeotermal alanlarinda en yasl jeolojik birim Permiyen yasli Camoba ve Kinik formasyonlaridir.
Bunun {izerinde yer alan jeolojik birimler sirasiyla Paleosen Kozak granodiyoriti, Tersiyer Yuntdag
volkanitleri I ve Demirtas piroklastikleri, Orta—Ust Miyosen Yuntdag volkanitleri II ve III ve
Pleyistosen yashi Dededag bazaltlaridir. Tiim birimlerin {izerine uyumsuz olarak aliivyonlar gelir.
Bolgede genis yayilim sunan Yuntdag volkanitleri jeotermal alanlardaki termal sularin biiyiik bir
cogunlugunun hazne kayasini olustururlar. Bu alanlarda ¢ogunlukla ortii kaya 6zelliginde kaya birimi
yoktur ancak Demirtag piroklastikleri ve Yuntdag volkanitlerinin i¢inde olusan ayrisma killeri yer yer
ortii kaya ozelligindedirler.

Inceleme alanindaki termal kaynaklarin sicakliklart 31-100 °C, toplam debileri yaklagik 200L/s’dir.
Dikili jeotermal alanlari igerisinde bulunan Kaynarca Jeotermal Alan1 130 °C akifer sicakligi ile Ege
Bolgesi’nde bulunan 6nemli jeotermal alanlardan biridir. Termal sular genellikle Na-HCO5-SO, ve
kismen Na-Ca-HCO;-SO4 hidrokimyasal fasiyes tipindedir. Dikili-Bademli termal kaynaklar1 deniz
suyu ile olan iligkisi nedeniyle diger termal sulardan farkli olup, Na-Cl hidrokimyasal fasiyesindedir.
Jeotermal alanlardaki termal sularin 'O ve 2H igerikleri sularin meteorik kokenli ya da denizel
beslenmeli olduklarimi gdstermektedir. Kaynarca jeotermal alanindaki termal kaynaklarin 0—5 trityum
birimi arasinda olan trityum degerleri ve 5'°0 zenginlesmesi, termal sularin yeraltinda kalis siirelerinin
uzun ve en az 50 yillik bir ¢evrime sahip oldugunu gostermektedir. Dikili termal kaynaklar1 yagis
sularinin kirik ve gatlaklardan yeraltina siiziilerek derinlerde 1sinmasi ve tektonik hatlari izleyerek
termal su olarak yiizeye ¢ikmast seklinde agiklanabilen ‘devirli sistem’ niteligindedirler.

Calisma alanindaki termal kaynaklarin igme ve sulamaya uygunluklar1 ulusal ve uluslararasi icme ve
kullanma suyu standartlarina gore incelenmistir. Alandaki termal sular As, B, Fe iceriklerine gore
cogunlukla icilmesi ve sulama amagli kullanilmasi uygun olmayan sulardir. Termal sular, gerek
yiksek eser element igeriklerinin olusturacagi ¢evresel etkiler nedeniyle, gerekse iiretim sirasinda
karbonat minerallerinin (kalsit, aragonit, dolomit) olusturdugu kabuklasma sorunu nedeniyle kullanim
sonrasinda akifere geri basilmalidir.

Anahtar Sozciikler: hidrojeokimya, izotop jeokimyasi, jeotermometre, mineral doygunluklari, eser
element, su-kayagc etkilesimi, Dikili
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Hydrogeochemical Studies of the Dikili (izmir) Thermal Springs
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The study area contains Dikili geothermal fields, which are located in northern part of izmir Province.
Thermal springs in the study area may be divided into six main groups: (1) Dikili-Camur spa, (2)
Kaynarca spa, (3) Bademli spa, (4) Coban spa, (5) Kocaoba spa, (6) Nebiler spa. In this study,
hydrochemical characteristics of thermal springs in these fields have been determined by chemical and
isotopic data and their environmental impacts have been assessed by taking into account of their trace
element contents.

The oldest geological units in Dikili geothermal fields are the Permian aged Camoba and Kinik
formations. These formations are overlain by Paleocene Kozak granodiorite, Tertiary Yuntdag
volcanics I, Middle—Upper Pleistocene Yuntdag volcanics II and III and Pleistocene Dededag basalts,
respectively. Quaternary alluvium covers discordantly all units. The widespread Yuntdag volcaincs in
the region form the aquifer of the thermal waters. There is no rock unit in the form of cap rock in these
fields but Demirtas pyroclastics and alterated clays of Yuntdag volcanics are the cap rocks of the
geothermal systems.

Temperatures of thermal springs in the study area change between 30—100 °C. These waters have
200L/s of total discharge. Kaynarca geothermal field is one of the most important geothermal fields in
the Aegean Region as it has a temperature of about 130 °C. The thermal waters are generally of Na-
HCO;-SO, and Na-Ca-HCO;-SO, type. Dikili Bademli thermal springs of Na-Cl hydrochemical facies
are different from other thermal waters due to the sea water mixing. 8'*O and 8D contents of thermal
waters in the study area suggest that thermal waters are of meteoric origin with some sea water
contribution. Kaynarca Thermal springs have 0—5 TU tritium content and the 5'*O enrichment shows
that these waters have a transit time longer than 50 years which indicates a long circulation at the
subsurface. All the thermal waters in the area are qualified as cyclic geothermal system and it was
concluded that the meteoric waters penetrate through the faults and fractures, are heated in host rocks,
and move up to the surface along the tectonic lines.

Utilization appropriateness to drinking and irrigation properties of the thermal waters in the study is
assessed by the national and international standards. These show that these waters cannot be utilized as
drinking and irrigation purposes due to the high As, Fe and B contents. Thermal waters should be re-
injected to the aquifer after utilization owing to both adverse effects of high trace element contents to
the environment and also scaling problems leaded to carbonate minerals (calcite, aragonite and
dolomite) during extraction.

Key Words: hydrogeochemistry, isotope geochemistry, geothermometer, mineral saturations, trace
elements, water-rock interaction, Dikili
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Kazdaglar’nin Kuzeybatisindaki Su Kaynaklar ve
Bunlan Etkileyen Cevresel Faktorler (Canakkale-Tiirkiye)

Alper Baba' ve Orhan Giindiiz*
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Kazdaglari’nin kuzeybati bdlgelerini kapsayan inceleme alani, ge¢ FEosen’den baglayarak
Pliyo—Kuvaterner’e kadar ¢esitli donemlerde etkin olan volkanizmalarin iiriinii volkanoklastiklerle
birlikte ¢okelmis denizel, lagiiner ve golsel kirintili kayaclart icermektedir. Bu nedenle bdlgede
sedimanter ve hidrotermal kaynakli ¢esitli maden yataklar1 bulunmakta ve ekonomik olarak
degerlendirilmektedir. Bu ¢alisma kapsaminda yeraltisularinin gevresel izotop igerikleri ve fiziksel
ozellikleri birlikte degerlendirilerek Kazdaglari’nin kuzeybatisinda bulunan soguk su kaynaklarinin
birbirleri ile iliskileri arastirilmigtir. Cevresel izotoplarla yapilan analizler sonucu soguk su
kaynaklarinin beslenme kotlar1 ve yeraltinda kalis siirelerinin farkli oldugu ortaya konulmustur. Su
kaynaklarinin jeolojik yapiya bagl olarak farkli 6zellikler gosterdigi tespit edilmistir. Altere olan
zonlarda gelen kaynak sularinda aliiminyum (Al) degerleri igme suyu i¢in Onerilen limit degerlerini
(0.2 ppm) oldukca agmistir. Bolgede ¢ogunlukla agik isletme olarak faaliyet gdsterilen kiiglik ve orta
Olgekli kdmiir sahalarinin higbir rehabilitasyon dnlemi alinmadan terk edilmesi neticesinde yiizeysel
drenaj ve yeraltisuyu sizmasi sonucu iri ufakl goller olusmustur. S6z konusu goller zaman igerisinde
pirit oksidasyonuna bagli olarak asidik maden géllerine doniismiislerdir. Yiiksek asidite (diisiik pH:
ortalama 2.83) ve yiiksek derisimlerde ¢oziinmiis metalleri (6rnegin Al= 211 ppm, Fe= 528 ppm)
iceren bu goller bolgedeki su kaynaklarini etkilemektedir.

Anahtar Sozciikler: Kazdaglari, madencilik, asidik gdller, pirit oksidasyonu, su kaynaklari
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The study area that covers the northwestern slopes of Ida Mountains contains marine, lagoon and lake
sediments deposited with volcanoclastics that produced as a result of the volcanism which was
effective in various periods from the late Eocene to Plio—Quaternary. the region has several
sedimentary and hydrothermal mineral deposits, which have en economic importance and already
being mined. . Within the scope of this study, the environmental isotopic and physicochemical
characteristics of groundwater samples were jointly assessed and mutual relationships between cold
water resources found in northern west slopes of Ida Mountains were studied. The results of
environmental isotopes revealed that the recharge zones and detention times of cold water resources
were different. The water resources also exhibited distinct characteristics as a result of the interactions
with local geological strata. Spring waters originating from altered formations were shown to contain
elevated levels of aluminum that is higher than the currently effective drinking water quality limit
value (0.2 ppm). In addition, the abandoned small to medium scale open-pit coal mines in the area
were found to be responsible from the formation of several mining lakes that were inundated as a
result surface drainage as well as subsurface infiltration to depression areas of the open pit. These
lakes were later transformed into acidic mining lakes due to the oxidation of pyrite found in the coal.
With very high acidity levels (pH levels as low as 2-3) and high trace element contents (with
maximum aluminum and iron levels of 211 ppm and 528 ppm), these lakes were found to influence
the quality of local water resources in the area.

Key Words: Ida Mountains, mining, acidic mining lake, pyrite oxidation, water sources
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Tiirkiye’de Akiferler Uzerindeki insan Kaynakh Tehditler,
Iigili Mevzuat ve Uygulamadan Kaynaklanan Baz1 Sorunlar

Ahmet Apaydin
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(E-posta: aapaydin@dsi.gov.tr)

Tiirkiye’de yeraltisuyu potansiyeli yoniinden en zengin jeolojik formasyonlar ova ve vadi aliivyonlari
ile karbonatli akiferlerdir. Ulkemizin yaklasik iicte birinin karbonatli (cogunlukla karstik)
formasyonlarla kapli oldugu bilinmektedir. Ozellikle Toros kusagi, basta olmak {izere Anadolu’nun
bir¢ok bolgesinde kalinligi 500-1000 m’ye ulagsan ve gerek bulundugu yore, gerekse daha genis bir
bolge icin 6nemli su potansiyeline sahip kirectasi akiferleri bulunmaktadir. Kirectaglarinin yaygin
olmasi1 ve ¢ogunlukla fay kontrollii genis ova ve vadi aliivyonlarinin bulunmasi iilkemizin kayda deger
yeraltisuyu potansiyeline sahip olmasini saglamustir. Ozellikle kirectast akiferleri dogal haliyle
icmesuyu kalitesinde su potansiyeline sahip olup, beslenme alanlar1 genellikle yiiksek ve
yerlesimlerden uzak bolgelerde yayilim gosterdiklerinden, heniiz ova ve vadi aliivyonlar1 kadar insan
kaynakli kirlenmeye maruz kalmamiglardir.

Ulkemizin kurak-yarikurak bolgelerindeki bazi énemli havzalarda &zellikle son 15-20 yil iginde
izinsiz ve bilingsiz kullanim nedeniyle yeraltisuyu seviyesi diigsmiis, kuyu verimlerinde azalmalar
gbzlenmis, bazi alanlarda yeraltisuyu kalitesinde bozulmalar baglamistir. Konya Ovasi basta olmak
tizere baz1 bolgelerde bu olumsuzluklar sadece yore insaninin degil, iilke kamuoyunun da giindeminde
yer almaktadir. Ozellikle yazili ve gérsel basin ile sivil toplum 6rgiitleri bu konu iizerinde énemle
durmuslardir. Bu durum, yeraltisular1 iizerindeki tehdidin sadece asir1 kullanimdan ibaret oldugu
yanilgisina neden olmustur. Oysa iilkemizde akiferler {izerinde asir1 kullanimdan daha tehlikeli ve
etkileri daha tahrip edici olabilen insan kaynakli bagka tehditler de bulunmaktadir.

Tirkiye’de akiferler iizerindeki baslica insan kaynakli tehditler agir1 kullanimla birlikte, kirlilik, akifer
alanlar1 yerlesime agma ve malzeme ocaklari ile ortadan kaldirma seklindedir. Kirlilik; agir1 niifus
artigi, tarimsal ilag ve gilibre kullanimi, kentlesme ve sanayilesme ile birlikte artmakta ve basta
aliivyonlar olmak iizere bir¢ok bolgede akiferleri olumsuz etkilemektedir. Yine, 6zellikle ovalarin
yapilagmaya acilmasi sonucu akiferlerin {izeri Ortiilmekte ve beslenmesine engel olunmaktadir.
Yapilagma, ayn1 zamanda kirliligi de beraberinde getirmektedir. Akiferler lizerindeki diger etkilere
gore en tehlikeli olan tehdit ise malzeme ocaklaridir. Ova ve vadi aliivyonlar1 kum-cakil ocaklari,
kiregtas1 akiferleri ise tasocaklari ve mermer ocaklari tarafindan kazilarak ortadan kaldirilmaktadir.

Akiferler lizerindeki tehditlere kars1 Tiirkiye hukuk sisteminde bazi koruyucu ve sinirlayict hiikiimler
ile cezai yaptirimlar bulunmaktadir. Bunlarin en 6nemlisi 167 sayili Yeraltisular1 Hakkindaki Kanun
ve Su Kirliligi Kontrolu Yonetmeligidir. Ancak, mevzuattaki bazi bosluklardan ve uygulamadan
kaynaklanan ciddi sikintilar yasanmaktadir. Bu sorunlarin ortadan kaldirilmasi ig¢in mevzuatin
giincellenmesi ve kurumlar arasi esgiidiimiin gii¢lendirilmesi gerekmektedir.

Anahtar Sozciikler: akifer, yeraltisuyu, asir1 ¢ekim, kirlilik, malzeme ocaklari, mevzuat
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Plain and valley alluvium deposits and carbonate formations consist the most productive aquifers in
Turkey. Carbonate formations (mostly karstified) covers one third of the country. Large limestone
aquifers which are over 1000 m thick and have an important groundwater potential for local and
regional demands are mainly located in the Taurus Belt and the other regions of Turkey. Existence of
large limestone areas and alluvial deposits particularly located in fault controlled plains and valleys
provide Turkey with a great groundwater potential. Particularly, limestone aquifers have fresh waters
and because they are located on high regions they are not contaminated as much as alluvial deposits.

Groundwater level declined and well yields were reduced and also water quality spoiled in some large
plains in semi-arid regions of Turkey particularly for the last 15-20 years because of uncontrolled and
excessive consumption. The problem related to water shortage is a part of the nationwide agenda and
not restricted to the region where the problem exists. Particularly the media, press and non-
governmental organizations focused on this issue and giving a false impression that overexploitation is
the unique threat on the groundwater systems. However, there are other man made threats on the
aquifers in Turkey and these threats may be more serious and destructive than overexploitation.
Furthermore, some threats are aimed to remove the aquifer bodies.

The major man made threats on the aquifers in Turkey are overexploitation, contamination,
urbanization and removal by excavations. Contamination increases with the increase of population, the
use of agricultural chemicals and fertilizers, urbanization and industrialization. Also, urbanization and
industrialization particularly on the aquifers in the plains cover the aquifer surface and prevent
recharge of the groundwater. Urbanization also causes contamination. The most dangerous threat is
excavation of the aquifers by quarries and mines. Alluvial aquifers in the plains and valleys are
destructed by sand-gravel quarries and limestone aquifers are removed by stone quarries and mines.

There are some limitations and conservative statements, and also sanctions in Turkish legislation
against threats on the aquifers. The most important are the Groundwater Law numbered 167 and the
Regulation of Controlling Water Contamination. However, there are some serious problems because
of some unclear statements in regulations and misconceptions in applications. In order to solve these
problems, the regulations must be revised and interrelations between foundations must be
strengthened.

Key Words: aquifer, groundwater, overexploitation, contamination, quarries, regulations
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istanbul, yaklasik 6000 km? yiizol¢iimii ve 2007 rakamlarma gore 12.7 milyon niifusuyla Tiirkiye nin
ve Diinya’nin en kalabalik sehirlerindendir. Sanayi, ticaret, finans, kiiltlir ve sanat sehri olmasiyla da
ayr1 6neme sahiptir. Carpik sanayilesme, ¢arpik kentlesmeye bagl olarak artan nufusuyla su ihtiyaci
en ¢ok artan sehir konumundadir. Kuruldugundan beri su sorunu devam eden Istanbul’un, son
donemde ise su sikintist niifus baskisinin yani sira kuraklik etkisinden de kaynaklanmaktadir.
2006—-2007 donemi yagis ortalamast 413 mm/yil ile son elli yillik ortalama 718 mm/yil
kiyaslandiginda, ortalama yagislarda son elli yilda yaklasik %40 azalma oldugu anlasiimaktadir.
Yapilan incelemeler sonucunda 2006-2007 doneminin en kurak dénem oldugu ortaya ¢ikmaktadir.
ISKIi verilerine gére toplam su ihtiyact olan 1.957.025 m® iin %90’1 7 adet su toplama havzasimndan
karsilanmaktadir. Oncelikle havzalarin korunmas: ilgili yasalarda gecmisten giiniimiize yapilan
degisikliklerde, rezervuar alanlarinda yapilan c¢aligmalarda, koruma alanlarinin etkin bir sekilde
korunamadig1 acikca goriilmektedir. Sorunun krize doniisme olasiligina karsin yetkililer milyonlarca
insanin kaliteli su ihtiyacinin kisa siire sonra artik karsilanamaz duruma gelecegini goriip acil 6nlemler
almalidir.

Bu ¢alisma ile Istanbul’un su potansiyeli yeniden degerlendirilmigstir. Gegmiste yapilan caligmalar,
ongoriiler ve gergeklesme oranlar tartigilmistir. Iklim degisikliginin giiniimiizdeki ve yakin gelecekte

beklenen etkileri ve alinmas1 gereken 6nlemler {izerinde durulmustur.

Anahtar Sozciikler: Istanbul, iklim degisikligi, kuraklik, su havzasi, su potansiyali, yagis
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Istanbul, with a surface area of about 6000 km” and a population of 12.7 million people in 2007, is one
of the most crowded cities in the Turkey and in the World and it also has great importance as it is
Turkey’s industial, commercial, financial, art and cultur center. It has highest water demand in Turkey
because of the increasing population, uncontrolled industrial development and unplanned urbanization.
Although Istanbul has been suffering from water shortage for long years, the present problem is
related not only to the population increase but also the recent drought. The average precipitation of the
period 20062007 (413 mm/year) is drastically low than the last fifty years average (718 mm/year).
Apparently, the period 2006—2007 is the driest period in the last fifty years. Over %90 of the total
water need of Istanbul is currently supplied from seven drinking water reservoirs according to ISKI
data. Obviously, the surface water resources have not been protected efficiently which suggests that
the current regulations are not sufficient or sufficently applied..The problem is growing to a crises od
water shortage. Therefore, authorities must take some urgent actions to prevent any crises in the near
future.

In this presentation the water potential of Istanbul is reconsidered. Previous studies, predictions, and
the extent of realization of estimations are discussed. Impacts of climate changes at present and future

and adaptation options are described.

Key Words: Istanbul, climate change, drought, water basin, water potential, rain
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Su Kaynaklar1 Yonetiminde Yaklasimlar
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Diinya Su Konseyi tarafindan gergeklestirilen Diinya Su Forumlari, suyu kullanma hakkina “kimin
sahip olacagi”na dair fikir birligi saglamak {iizere gerceklestirilen toplantilardir. Aymi amaglarla
besincisi Istanbul’da gerceklestirilecek olan Diinya Su Forumu’ndan sonra, suyla ilgili degisim
siirecinin zaten hayata gegirilmeye baglanmis oldugu Tiirkiye’de de, suyun ticarilestirilmesinin
“mesru” temelleri atilmig olacaktir.

Diinya Su Konseyi, en yalin haliyle bir insan hakki olan suyun farkli bir bilingle zihinlerde yer etmesi
amaciyla etki alan1 olusturmak gibi bir niyetle de hareket etmektedir. Bu amagla ‘yOnetisim’,
‘biitiinlesik su kaynaklar1 yonetimi’, ‘6zellestirme’ ve ‘siirdiiriilebilirlik’ gibi kavramlari suyla birlikte
kullanma gayreti gostermekte ve yapilan her bir Su Forumu’nda degisik anlamlar yiikleyerek zihinlere
sokmaya c¢alistig1 bu kavramlarin igerikleriyle siirekli oynamaktadir.

Biitiinlesik kaynak yonetimi, sularin siyasal-cografi sinirlara degil dogal-cografi sinirlara gore
kullanilacak yonetsel birimler eliyle yonetilmesi anlamina gelir. Yonetisim kavrami bugiin Diinya Su
Yonetimin en 6nemli kavrami haline gelmistir. Bu kavramlar ayni zamanda kiiresellesmesinin yonetim
modeli olarak gelismektedir.

Uluslararasi su kuruluslari denilince akla ilk énce Diinya Bankasi ve Uluslararas1 Para Fonu gelir.
Diinya Bankasi, bu gelismeler dogrultusunda, kredi sagladigi iilkelerdeki su ile ilgili alt yapu, {ist yapi,
kanalizasyon gibi projeler i¢in kamu-6zel sektor isletme modelini dayatmaktadir. Dayatilan bu model
kamunun islevsiz hale getirilerek suyun 6zel sektore devredilmesinin yolunu agmaktadir. Bu model
suyun ticari bir mal gibi degerlendirilmesi gerektigi anlayis1 iizerine kuruludur.

Yasamun siirdiiriilebilmesi i¢in vazgecilmez bir kaynak olan su, bir ticari mal gibi gériillmemelidir. Su
insanlarin 6deme giicii yerine ihtiyacina gore dagitilmalidir.

Anahtar Sozciikler: su, Diinya Su Forumu, yonetisim, biitiinlesik su kaynaklar1 yonetimi,
Ozellestirme, stirdiiriilebilirlik
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World Water Forum is a meeting in which the participants aim to come to an agreement on who will
have the right to use water. After the 5™ World Water Forum, sharing the same purpose with the
previous ones, will take place on Istanbul, the legal foundations necessary to prepare appropriate
conditions to achieve the complete commercialization of water will be set in Turkey, where the
transformation process concerning water management applications have already started.

World Water Council (WWC) acts in a manner to distort definition of the water use which could be
purely defined as a human right. To achieve this, WWC tries hard to mention sustainability, integrated
water resources management, governance and such concepts with water use and in every water forum
it also alters and gives other meanings to these concepts that it tries to impose to people.

Integrated water resources management implies that water use should be administrated considering
natural-geographic boundaries instead of state-geographic boundaries. Recently, governance concept
becomes the most important concept for world water management implemented by WWC.

When international organisations concerning water management planning are mentioned, the
prominent World Bank and International Monetary Fund are recognised first. World Bank, in
accordance with its attitude towards the water use, insists on the public-private investment
management for the infrastructure projects in the countries it gives credit. This model based upon the
idea that water should be considered as a commodity.

Water is an indispensable resource for life thus, it must not be treated like a commodity and it should
be distributed by considering human rights and needs.

Key Words: water, World Water Forum, governance, integrated water resource management,
privatization, sustainability
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Karst Yeraltisular1 Yonetiminde Koruma Alanlar1 Haritalarinin
Olusturulmasinin Onemi, Sivrihisar-Kayakent Ornegi

Muhterem Demiroglu
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34469 Maslak, Istanbul (E-posta. copuroglum@itu.edu.tr)

Yeraltisulart Tirkiye’nin yar kurak bolgelerinde ¢ogu zaman tek su kaynagidir. Karst akiferleri de
biiyliik depolama kapasiteleri, kolay ve hizli kirlenebilirligi ile su yonetimi agisindan ayr1 dneme
sahiptir. Yasalarla belirlenen koruma alanlari, beslenme alanlari oldukc¢a biiyiik olan karstik
ortamlarda yeterli ve etkili olmamaktadir. Bu anlamda, karstik akiferlerin koruma alanlarinin bélgesel
hidrolojik, jeomorfolojik, jeolojik, hidrojeolojik ozelliklerine bagl olarak ayr1 ayr1 belirlenmesi
gerekmektedir.

Bu 6rnek ¢alisma ile yar kurak iklim 6zelligindeki Kayakent- Sivrihisar karstik kaynaklarinin koruma
alanlart haritalar1 olusturulmustur. Haritalar, CBS destekli c¢oklu oOznitelikler yaklagimi ile
hazirlanmigtir. Bu yaklasimla dncelikle yeraltisularinin kirlenmeye karsi zayif alanlarin olugsmasinda
etken temel nitelikler gruplandirilmistir. Ana parametreler akifer sistemi ile ilgilidir (jeoloji, karstik
sistemin gelisimi, koruyucu ortii, yeraltisuyu derinligi). 2. grup ise sistem disindan etkilerdir (egim,
drenaj yogunlugu, net beslenim, arazi kullanimi). Bu parametrelerin ayri ayri haritalari olusturulmus,
GBS mesafe bulma, tekrar siniflandirma, agirlikli etki katsayilarmi dikkate alarak veri setlerini
birlestirme fonksiyonlari ile yeniden tretilmistir. Agirlikli etki katsayilar1 ile g¢arpilarak kirlenmeye
kars1 risk degerleri belirlenmis ve son olarak kirlenmeye karsi zayif alanlar haritasi olusturulmustur.
En yiiksek degerler en zayif alanlar1 gostermistir. Su kaynaklari1 koruma alanlarmin (mutlak, kisa, orta
ve uzun mesafeli) belirlenmesinde bu haritalardan yararlanilmalidir.

Anahtar Sozciikler: akifer, CBS, koruma alani, karst, yeraltisuyu
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Groundwater is unique water in semi-arid region of Turkey. Karst aquifers have great importance in
water management because of high reservoirs capacity and rapid and easy response to contamination.
Karst aquifers have large recharge areas and generally located at higher elevations so protection zones
of that defined by laws may be ineffective and in adequate. Protection zones of karst aquifers should
be prepared separately depending on regional hydrologic, geomorphologic, geological,
hydrogeological properties.

With this sample study, the vulnerability maps of Kayakent-Sivrihisar karstic springs located in semi-
arid region are produced. Maps are prepared by GIS multi-attribute approach. Firstly, parameters,
effective in forming groundwater vulnurability areas are grouped. Main group are releted with aquifer
parameters (geology, development karstic structures, protective cover, deepness of grounwater).
Second group are external factors (hydromorfology, slope, drainage density, net recharge, land use).
Maps are performed via the Straight Line Distance function. Maps of each parameters are overlaid
step by step to generate a composite map of the study areca. Maps are weighted, giving each a
percentage influence. The higher the percentage, the more influence had in the vulnurability map
which is done by adding the scores of various parameters via raster calculation function. The
vulnurability maps should be used to delineate the groundwater protection zones as defined in the
related regulations, namely, absolute, first degree, second degree and third degree.

Key Words: aquifer, GIS, protection area, groundwater, karst
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Calisma alani igerisinde temel kayalarini Paleozoyik yash grafitli sist, muskovit-kuvars sist ile mermer
bant ve mercekleri igeren Derekdy metamorfitleri ve bunlar {izerleyen gri-grimsi siyah renkli,
heteroblastik dokulu, belirgin tabakalanmali ve sik catlakli iznik Mermerleri olusturur. Iznik
mermerlerinin antik Roma déneminde dogal yapitasi kaynagi olarak kullanilmig olmasi nedeniyle,
yorede ¢esitli boyutlarda 20°den fazla antik mermer ocagi bulunmaktadir. Antik ocaklarin ¢ukur ocak
nitelifinde olan ii¢ tanesinin igerisine iznik ve cevresindeki evsel atiksular bosaltilmistir. Bu
atiksularin gevresel ve Iznik ovasi yeralti suyu kalitesine etkisinin belirlenmesi amaciyla yiiriitiilen
caligmada ilk olarak depo alani olarak kullanilan mermerlerin miithendislik 6zellikleri aragtirilmistir.
Antik mermer ocaklar1 ve yakin gevrelerinde yiiriitiilen siireksizlik 6l¢iimleri ile mermerlerin igerdigi
stireksizlik diizlemlerinin agirlikli olarak 84/68, 194/84 ve 344/72 konumlu ve yiiksek egim agili
oldugu saptanmistir. Siireksizlik ara uzakliklari ile siklik oranlari arasinda negatif eksponansiyel bir
esitlik oldugu belirlenmis ve Iznik mermerlerinin ortalama siireksizlik ara uzakliklarmnin 37 ile 84 cm

arasinda degistigi saptanmistir.

Hidrojeolojik acidan iznik mermerleri ve aliivyon en 6nemli akifer kayalarmi olusturmaktadir.
Mermerlerin icerdigi siireksizlik diizlemlerinin dolgusuz ve yiiksek egimli olmasi, {izerlerine
bosaltilan siv1 atiklarin kaya icerisinde hizli hareket etmesine olanak saglamaktadir. Iznik ovasinda
yapilan yeralt1 su seviyesi Ol¢iimlerinde, kuyularin su seviyeleri 5,0-17,0 m arasinda degistigi ve
yeralti suyu genel akim yiinliniin kuzey oldugu gozlenmistir. Yeraltt suyu akiminin mermerlerin
icerdigi KB—GD kirik sistemi tarafindan kontrol edildigi ve mermerlerde hareket eden atik sularin
aliivyona bosalarak antik ocaklara yakin kuyulardaki yeralti suyu kalitesini etkiledigi belirlenmistir.
Bu baglamda yapilan su kimyasi ¢alismalarinda, evsel atiklarin Na-Cl tipi sular oldugu ve yiiksek
oranda Na (3260 mg/1), K (903 mg/1) ve Cl (10396 mg/l) igermektedir. Siv1 atiklardan etkilenen yeralti
suyu akim yoniindeki kuyularin Na, Cl ve K degerleri diger noktalara oranla daha yiiksek degerler
vermektedir. Ug farkli antik mermer ocag1 igerisine bosaltilan siv1 atiklarin, mermerler icerisindeki
stireksizlik diizlemleri boyunca hareket ettigi ve hareket yoniinde aliivyon igerisinde bulunan
kuyularin su kalitesini etkiledigi saptanmustir.

Anahtar Sozciikler: siv1 atik, karstik akifer, antik ocak, [znik

154



, 13—17 April 2009, MTA—Ankara, Tlrkiye

Impacts of Disposal of Sewage in Ancient Marble Quarries
on Groundwater Quality

Celalettin Simsek', Bahadir Yavuz®, Hakan El¢i', Alper El¢i’ & Orhan Giindiiz’

! Dokuz Eyliil Universitesi, Torbali Meslek Yiiksekokulu, Torbali, TR-35860 Izmir, Ti lirkiye
(E-mail: celalettin@deu.edu.tr)
2 Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, Buca,
TR-35160 Lzmir, Tiirkiye
3 Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Cevre Miihendisligi Boliimii,
TR-35160 Lzmir, Tiirkiye

The Derekoy metamorphics are basement rocks that consist of graphite schist, muscovite-quarts schist
and marble lenses. The intensely fractured Iznik marble overlays the grey-black schist unit that has
grey-black color, which has dense fractures and thin layer with heteroblastic texture. There are 20
ancient marble quarries in the study area which were exploited for natural construction material in the
Roman era. Wastewater from Iznik and surrounding residential areas was discharged in three deep
ancient marble quarries. The aim of this study was to investigate the effects of this wastewater
discharge on the groundwater quality of the region. Firstly, the engineering properties of the marble
were studied. Based on structural analysis in the ancient quarries, it was found that the main structural
features were oriented with 84/68, 194/84 and 344/72 with a high slope angle. The relation between
the discontinuity spacing and frequency was found to give a negative exponential distribution and the
mean discontinuity spacing were determined to be varying between 37 and 84 cm of the studied Iznik
ancient marble quarries.

In terms of the hyrdrogeology, Iznik marble and alluvium units constitute the main aquifer system in
the study area. Because of the iznik marble has highly fractural feature, the wastewater in the quarries
moved rapidly within the rock. It was observed that the groundwater level changed roughly between 5
and 17 m and that the general groundwater flow direction was north. The marble NW-SE fracture
direction controls the groundwater flow and the flow of the wastewater, therefore the groundwater
quality was affected by the discharged wastewater. Based on these results, the groundwater chemistry
was also studied. The wastewater has high contaminant content. The wastewater was Na-Cl water type
and the concentrations of Na (3260 mg/l), K (903 mg/l) and Cl (10396 mg/l) were very high. It was
also found that the affected groundwater had higher Na, K and Cl concentrations when compared the
other sites. Sewage in the ancient quarries moved quickly through the fracture zone and affected the
groundwater quality near the waste site.

Key Words: sewage, marble aquifer, ancient quarry, Iznik
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Gunlmiizde ylizey sular kirlenme ve kiiresel 1sinmaya bagli olarak ileri derecede tiikketilmis ve
ihtiyaglar1 kargilamamaktadir. Diinya iizerindeki su rezervlerinin % 0.61°lik boliimii yeraltt suyu
olarak bulunmaktadir. Bu oranin goller ve nehirlerdeki suyun toplamimin otuz kati oldugu
bildirilmektedir. Bu nedenle, yiizeysu kaynaklar ile birlikte yeraltisuyu kaynaklarinin dogru bir
sekilde kullanimi biiylik bir 6nem tagimaktadir. Bununla birlikte, s1g akifer sistemleri ozellikle
aliivyondan alman yeralti sularmin tiikkenme noktasina geldigi ve aliivyona agilan kuyularin yaz
aylarinda kurudugu goézlenmektedir. Bu nedenle, yeraltisuyu aramalar1 daha derinlerde bulunan derin
akifer sistemlerinin ortaya ¢ikartilmasi i¢in yogunlagmistir. Bu ¢alismalarin en yogun oldugu bolgeler
arasinda ise Izmir Ilinin dogu ve giineybat: kesimleri bulunmaktadir. Tiirkiye’nin batisinda Izmir ili
sinirlar1 igerisinde yer alan ovalarda, sanayinin gelismesi ile yiizeysel akiferlerdeki yeralti sular1 agiri
bir sekilde tiiketilmistir ve buna bagli olarak derin akiferlerin aragtirilmasi hiz kazanmgtir.

[zmir ¢evresinde yapilan jeolojik, jeofizik, hidrojeolojik etiidlerde ve yapilan sondajlarda hidrojeolojik
acidan onemli Ui¢ farkli kaya grubunun varligi tespit edilmistir. Torbali Ovasi kesimlerinde temelde
Menderes Metamorfitleri, Kemalpasa ovasit ve cevresinde ise Bornova karmasigi bulunmaktadir.
Temel kayalari iizerine uyumsuzlukla Neojen yashh sedimanter kayalar gelmektedir. Menderes
Metamorfitleri sist ve mermerler ise temsil edilmektedir. Bornova karmasigi, allokton rekristalize
kiragtaglar1, kumtasi-seyl, ve fillitlerden olugmaktadir. Konsolide olmus Neojen Tortullarini olusturan
kumtasi, cakiltasi ve kirecgtaslari uyumsuz olarak temel kayalarimi 6rtmektedir. Son olarak Kuvaterner
yash aliivyonel ¢okeller de inceleme alanindaki en gen¢ birimler olarak en flistte yer almaktadir.
Bolgede, bu ii¢ tabakada olusmus dort farkli akifer tespit edilmistir. Bunlar, (i) Menderes
metamorfitleri igerisindeki mermerler, Bornova karmasigi icerisideki allokton rekristalize kiregtaslart,
(il)) Kalinliklar1 300-400 m arasinda degisen Neojen birimler igerisindeki kumtaglari-cakiltasi ve
kirectaslart; (iv) en iistte yer alan konsolide olmamis kalinliklar1 100 m’den az olan aliivyon olarak
tanimlanabilir . Bu akifer sistemlerinde yer alan aliivyonlar ve Neojen seriler yeterli oranda su
ihtiyacini karsilamamaktadir. Ozellikle, asir1 cekimler nedeniyle aliivyonlardaki yeralt: suyu tikkenme
noktasina gelmigtir. Neojen serilerden yapilan sondajlarda ise yeterli oranda yeralti suyu
saglanamamaktadir. Bu nedenle jeofizik ¢alismalarin 151k tuttugu kesimlerde yapilan derin
sondajlarda, Torbali’da 500 derinliklerde Menderes Metamorfitleri igerisindeki mermerlerden 30 1t/sn
debi ile Kemalpasa Ovasinda ise 800 m derinlikte Bornova Karmasigi icerisindeki allokton
kirectaslarindan 30 1t/sn debi ile yeralti suyu iiretimi yapilmaktadir. Bu gdstergeler 1s13inda izmir ili
icin derin akiferlerin arastirillmasi ve gelecek yillardaki su gereksinimi karsilayacak alternatif
kaynaklar arasina almak gerekir.

Anahtar Sozciikler: derin akiferler, hidrojeolojik model, Izmir
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Surface waters of the earth are scarce, mostly contaminated and heavily consumed. Groundwater
constitutes 0, 65 % percent of the total water in the hydrosphere and amounts 30 times of the surface
water. In the last decades exploration of groundwater has become important task. Shallow
groundwater aquifers relatively better known and prone to climatic change. Exploration of deep
groundwater aquifers are now important task for earth sciences. Around Izmir region, shallow ground
waters in alluvial plain have been exploited for industrial usages and investigation of deep aquifers are
now important task. In Izmir region for groundwater exploration three groups of rocks association are
delineated. First is the Menderes metamorphics underlying the Torbali alluvial plain, second is the
Bornova melange around Kemalpasa Plain and third group is Neogene sedimanter rocks. The
Menderes metamorphics rock consists of mica schists and marbles, the Bornova melange consist of
shared flysch matrix and mega blocks of platform limestone. The Neogene units are make up of
strongly cemented and consolidated sandstones, conglomerates and limestones lenses. Pleistocene-
Quaternary unconsolidated sediments overlay the alluvial planes. Four different aquifers are
important; (1) marbles in the Menderes Massif, (2) limestone blocks in the mélange, (3) sandstone,
conglomerate and limestone of the Neogene units, (4) unconsolidated alluvial sediments of less than
100 m thickness, overlying the basement rocks. The aquifer in the Neogene and alluvial sediments are
scarce. Especially alluvial aquifers are nearly depleted by overexploitation. Around Torbali plain,
Kemalpasa Plain and Buca regions deep geophysical investigation have been performed and from 500
m to 800 m deep aquifers are discovered in the platform limestone blocks in mélange and in the
Menderes metamorphics. These deep wells yield about 30 1/sec of high quality usable water. In this
perspective, the deep aquifer system should be investigated and it is considered to be alternative water
sources in future for izmir.

Key Words: deep aquifers, hydrogeological model, Izmir
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Delicay-Tarsus Cay1 (Mersin) Arasinda Kalan Bolgedeki Yeralti Sularinin
Tarimmsal Sulama Suyu Kalitesi A¢isindan Degerlendirilmesi

Can Akbulut, Mehmet Ali Kurt, Ciineyt Giiler ve Musa Alpaslan

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
33343 Ciftlikkéy, Mersin (E-posta: canakbulut@mersin.edu.tr)

Bu calismada, tarimsal (6zellikle seracilik) ve endiistriyel faaliyetlerin yogun oldugu Delicay-Tarsus
Cay1 (Mersin) arasinda kalan bolgedeki yeralti sulariin tarimsal sulama suyu olarak kullanilabilirligi
arastirilmigtir. Agustos 2008’de bolgedeki mevcut kuyulardan secilen toplam 215 kuyudan yeralti
suyu ornekleri alinmis ve ¢esitli fiziksel parametrelere (elektrik iletkenlik ve pH) ait degerler, major
iyonlar (kalsiyum, magnezyum, sodyum ve potasyum) ve anyonlarin (siilfat, kloriir, karbonat ve
bikarbonat) konsantrasyonlar1 belirlenmistir. Elde edilen sonuglara dayanarak, herbir su numunesi igin
sodyum ylizdesi (% Na) ve sodyum adsorbsiyon oranlari (SAR) belirlenmis, Wilcox ve ABD Tuzluluk
Laboratuvart diyagramlar ¢izilmis ve incelenen yeralti sularinin sulama suyu olarak kullanilabilirligi
Su Kirliligi Kontrolii Yonetmeligi, Teknik Usuller Tebligi’'nde belirtilen sulama suyu kalite kriterleri
dogrultusunda degerlendirilmistir. Buna gore; sularin %23t II. siif (iyi) ve %76’s1 III. smif
(kullanilabilir) kalitede sular olarak belirlenmigtir. 153 nolu kuyudaki su IV. smif (ihtiyatla
kullanilabilir) kalitede iken 47, 121 ve 195 nolu kuyulardaki sularin V. siif sular oldugu ve bu
kuyulardaki sularin sulamada kullanilmasinin sakincali oldugu belirlenmistir.

Anahtar Sézciikler: tarimsal sulama suyu, yeralt1 suyu, su kalitesi, Deli¢ay, Tarsus ¢ay1, Mersin
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Assessment of Ground Waters in the Area Between Delicay-Tarsus River
(Mersin) with Respect to Irrigation Water Quality

Can Akbulut, Mehmet Ali Kurt, Ciineyt Giiler & Musa Alpaslan

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Ciftlikkoy,
TR—-33343 Mersin, Tiirkiye (E-mail: canakbulut@mersin.edu.tr)

In this study, ground waters in the area between Deligay-Tarsus river (Mersin) were evaluated for their
suitability for agricultural irrigation water where at present intense agricultural (especially greenhouse
cultivation) and industrial activities are taking place. A total of 215 ground water samples were
collected in August 2008 from the selected wells in the region and analyzed for various physical
parameters (Electrical conductance and pH), major cations (calcium, magnesium, sodium and
potassium) and anions (sulfate, chloride, carbonate and bicarbonate). Based on these results, for each
water sample, percent sodium (Na %) and sodium adsorption ratio (SAR) values were determined,
Wilcox and U.S. Salinity Laboratory diagrams were constructed and ground water samples were
evaluated for their suitability according to criterions defined in Water Pollution Control Directive,
Technical Methods Bulletin. According to results of this study; 23% of water samples are defined as
Class II quality (good) and 76% of them as Class III quality (usable). Whereas, ground water from the
well 153 is classified as Class IV quality (usable with caution) and ground waters from the wells 47,
121 and 195 are found to be Class V quality which indicates that waters from these wells are not
suitable for irrigation.

Key Words: agricultural irrigation water, ground water, water quality, Delicay, Tarsus river, Mersin
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Balikesir-Dursunbey Bolgesinde Potansiyel Akifer Birimlerin
ve Yeralt1 Yayilimlarinin Jeoelektrik Yontemlerle Belirlenmesi

Fethi Ahmet Yiiksel', M. Serhat Durmus” ve Giildane Boyraz’

! [stanbul Universitesi, Jeofizik Miihendisligi Boliimii, 34320 Avcilar, Istanbul
? Geomaster (E-posta: musedu75@hotmail.com)
3 Samandira Belediyesi, Abdurrahmangazi Mahellesi, Osmangazi Caddesi No. §,
Samandira, 34887 Kartal, Istanbul

Kiiresel 1smma sonucu diinyanm ikliminde ciddi degismeler olmaktadir. Iklim degismeleri
yeryiiziinde, oncelikli olarak, yeralti ve yeriistii sularinin kalitatif ve kantitatif olarak etkilenmesine
neden olmaktadir. Niifus artiglart ve endiistrilesme suya olan gereksinimleri giin  gectikge
artirmaktadir. Akarsu kaynaklarinin yetersiz kaldigr ve tamamen kurudugu durumlarda yer alti
sularindan yararlanma yoluna gidilmektedir.

Yeraltisularinin verimli ve kontrollii kullanilmasi i¢in jeofizik yontemlerden yararlanilmaktadir.
Jeofizik (jeoelektrik) yoOntemle yeraltisularinin arastirilmas: ve sahanin yapisal ve jeolojik
6zelliklerinin belirlenmesinde son yillarda siklikla kullanilmaktadir.

Balikesir-Dursunbey bdlgesinde jeoelektrik rezistivite yontemi kullanilarak yeraltisuyu olanaklar1 ve
calisma alaninin yapisal ozellikleri arastirilmistir. inceleme alaninda, Jeoelektrik yontemde derin
aramalar icin sik¢a kullanilan, Diisey Elektrik Sondaji (Schlumberger elektrod dizilimi) dl¢iimleri
yapilmisgtir.

Jeoelektrik rezistivite degerlerinden bolgenin iki boyutlu yatay ve diisey rezistivite dagilimlarinin
harita ve kesitleri ¢izilmistir. Hazirlanan rezistivite degisim harita ve kesitlerinden arastirma alaninda
iki fay ve bu iki fay arasinda kalin ve iri malzemeli aliivyon belirlenmistir.

Yealtisuyu aranan sahalarda, ¢ogu zaman, genel jeoloji ve yapisal jeoloji haritalarina ulagilamamakta
veya bolge icin bu haritalarin {iretilmedigi goriilmektedir. Jeofizik yontemlerle yeralti jeolojisi ¢ok
kisa zamanda ve ekonomik olarak belirlenebilmektedir. Balikesir-Dursunbey bdlgesinde potansiyel
akifer birimlerin ve yeralt1 yayilimlar belirlenmistir. Yiiksek rezistiviteli, iri kumlu ¢akilli, seviyelerin
kil katkili ince kumlu seviyelerden ayrimi yapilmigtir. Bolgede yeraltisuyu akisinda onemli rol
oynayan kirik sistemleri ortaya ¢ikartilmis ve ¢evredeki fay sistemleriyle iligkileri irdelenmistir.

Anahtar Sézciikler: diisey elektrik sondaj, Schlumberger rlektrod dizilimi, Balikesir-Dursunbey,
yeraltisuyu
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The Investigation of the Groundwater Potential and Tectonic Characteristic
of the Balikesir-Dursunbey Region with Geoelectrical Method
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As a result of the global warming, a great deal of changes has occured in world climate. Before all
else, climate changes cause surface and ground water to become affected qualitatively and
quantitatively. With the increase of the population and industrialization, demand of the water is
increasing day by day. In condition that rivers are deficient or drained, utilization of the groundwater
occurs.

Geophysics methods are using to utilize the groundwater sufficiently and controlled. In recent years,
geophysics (geoelectrical) methods has used frequently to investigate ground water and to determine
tectonic and geological characterictics of the region.

The groundwater potantial and tectonic characteristics of the Balikesir-Dursunbey Region has
investigated by using geoelectrical resistivity method. In the study area, the measurement of the
Vertical Electrical Sounding (Schlumberger Electrod Array) has done which is used to use frequently
in deep research.

The two dimension vertical and horizontal resistivity map and cross sections of the region has
prepared. Two fault and alluvium with coarse and big materials between faults has determined in the

study area from resistivity changes map and cross sections.

Key Words: vertical electrical sounding, Schlumberger electrod array, Balikesir-Dursunbey,
groundwater
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